The three-spined stickleback ( ) is a well-known Gasterosteus aculeatus model organism for studying adaptations to water salinity. In this work, we investigate the dynamics of an epigenetic landscape of water salinity adaptation using three chromatin marks: H3K27ac, H3K4me1 and H3K4me3. The choice of marks was determined by the fact that some adaptive genomic loci are situated in gene-free regions, suggesting their regulatory role as enhancers. Histone modifications seem to be a promising mechanism that could regulate such regions. Difference between histone modifications in sea and freshwater -both in genes and intergenic enhancers -may contribute to epigenetic plasticity of stickleback adaptation. As a result of this study, we found differential chromatin peaks in "divergence islands" at enhancer elements and promoters of genes, which are responsible for stress adaptation and homeostasis. However, a full genome study analysis is required to fully understand mechanism of adaptation to water salinity.
Introduction
The three-spined stickleback (Gasterosteus aculeatus) is a model organism that can be used to elucidate molecular mechanisms of adaption to various salinities. In this work, we analyze epigenetic signatures that can be specific for various salinities. We study three chromatin marks H3K27ac, H3K4me1 and H3K4me3, which were chosen as these marks label active enhancers and promoters 1 , in marine and fresh water sticklebacks in their natural habitats, as well as in foreign (change of salinity) environments. These marks were studied in 19 "divergence islands" 2 , short genomic regions, which are highly diverged between marine and fresh water species. In the present study, 17 divergence islands overlapped in protein-coding genes, which are relevant to fresh water adaptation. In addition, we report the changes of histone modifications between marine and freshwater fish in promoters of protein-coding genes and enhancers.
Methods

Sample preparation and ChIP experiment
In this study, we used six marine and six fresh water sticklebacks, which were collected in august of 2015 from the White Sea (near the Pertsov White Sea Biological Station of Lomonosov Moscow State University, Murmanskaya Oblast, Russia) and Mashinnoe Lake (located near the village of Chkalvosky, Repuyblic of Karelia, Russia), respectively. The fish were placed for four days in various water tanks: half of the sticklebacks from each group was kept in the water with their natural salinity (FF and MM for fresh and marine water, respectively) and the other half was kept in a modified environment (i.e. three fresh water fish was placed in salty water (FM) and three marine fish were placed in fresh water (MF)). The live fish were transferred to the laboratory to Moscow.
For the chromatin immunoprecipitation (ChIP)-seq experiments, gills were collected from all 12 sticklebacks. Chromatin was prepared from gills, as described by Cell Signalling (https://www. cellsignal.com/common/content/content.jsp?id=chip-agarose) and ChIP was performed as described by Filion et al. 3 .
Bioinformatics analysis
Reads were aligned to gasAcu1 reference genome from the UCSC Genome Browser Gateway (https://genome-euro.ucsc.edu/) by Bowtie2 (http://bowtie-bio.sourceforge.net/bowtie2/index.shtml) with a "very-sensitive-local" parameter 4,5 . For peaks calling we used MACS version 1.4.2 6 . For the intersection of peaks with divergence islands and genes we used bedtools version 2.26.0 7 .
Results
In our study, we determined between 7138 and 20828 histone modification peaks (Table 1) . We selected histone modification peaks in "divergence islands" regions, which are highly divergent between marine and freshwater populations of sticklebacks 2 . We observed that the majority (17 out of 19) of the islands showed the same chromatin marks (H3K4me1, H3K4me3 and H3K27ac) in fresh water species in their natural salinity (FF) and fresh water species placed into a marine environment (FM). The same was true for marine water species in their natural salinity (MM) and marine water species placed into a fresh water environment (MF). In addition, the majority of the islands (14 out of 19) showed the same histone modifications between the whole set of marine and fresh water species (MM+MF vs. FF+FM; Table 2 ).
Nevertheless, we found 3 out of 19 "divergence islands" demonstrating differential chromatin marks in cases of short-term adaptation to water salinity for fish placed into foreign environments. Interestingly, one "divergence island" gained H3K4me1 in the promoter of the RPTOR gene in FM. The other two islands gained H3K27ac and lost H3K4me1 inf FM, suggesting their role as enhancers for genes outside the island. Also, two islands gained H3K4me3 and H3K4me1 at STC2 and PNPLA3 genes, respectively, in MF.
Finally, 5 out of 19 islands demonstrated differential histone modifications between fresh water species and marine species placed into fresh water (FF vs MF) ( Table 3 ). In all these cases, MF gained a mark, which was absent in a FF. For example, H3K4me1 was gained in LRRC59 and BDH2 genes, which is involved in the adaption to stress and homeostasis 8 , suggesting that these genes might be activated after the placement of marine fish into a fresh water environment. In addition, 6 islands out of 19 demonstrated differential histone modifications between marine and fresh water species placed in marine water, with both gains and losses of marks (Table 3) . Among these, we found that H3K4me3 was gained at STC2 in FM* compared to MM*, H3K4me1 at LRRC59 and BDH2 in MM* compared with FM*, and H3K27ac at RPTR in MM* compared with FM*.
Conclusions
In this study, we analyzed the epigenetic profile of "divergence islands" with three chromatin marks, H3K4me1, H3K4me3 and H3K27ac. We report differential histone modifications that might be involved in the regulation of promoters and enhancers located in "divergent islands", and therefore contribute to adaptation to water salinity. Furthermore, we found differential chromatin peaks at promoters of genes that are responsible for stress adaptation and homeostasis. The results of this study contributes to our understanding of molecular mechanisms of adaptation to water salinity. However, a full genome histone modification analysis is required in order to further understand these mechanisms of adaptation.
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